Background: Physical activity is a potentially modifiable breast cancer risk factor. There is considerable recent evidence to suggest that risk factors for breast cancer differ based on its subtype, particularly estrogen receptor (ER)/progesterone receptor (PR) status, but this has been less well studied for physical activity. The objective of this study was to examine the association of physical activity with breast cancer incidence based on ER/PR status of the tumor.
Conclusions: Higher recreational physical activity might reduce the risk of postmenopausal breast cancer overall. Risk reduction varies by ER/PR status of the tumor, being most marked for ER ϩ /PR − tumors, which, in general, have been associated with a clinically more aggressive tumor phenotype. If confirmed in additional studies, these results would suggest that additional mechanisms, besides an effect on body mass, may account for observed protective effects of physical activity in reducing breast cancer. Med. 2006; 166:2478 -2483 B REAST CANCER IS THE MOST common noncutaneous cancer and is the second leading cause of cancer-related death among women in the United States. 1, 2 The incidence of breast cancer is increasing worldwide, and this seems to be partially related to an increase in some lifestyle risk factors for breast cancer, including obesity. [3] [4] [5] [6] [7] [8] [9] Physical activity is a potentially modifiable breast cancer risk factor. Increased physical activity has been associated with a decreased risk of breast cancer among premenopausal and postmenopausal women. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] However, a few studies have reported no benefit [26] [27] [28] [29] [30] [31] or an increased risk. 32 It is suggested that breast cancer may be biologically heterogeneous and, therefore, risk factor associations may differ based on the tumor characteristics, including estrogen re- 33, 34, 38, 42, 46 waist-hip ratio, 47 alcohol consumption, 35, 42, 48 dietary fat intake, 49 and folate level. 5, 48 However, only 2 recent case-control studies 46 ,50 and 1 cohort study 16 have evaluated the association of physical activity with postmenopausal breast cancer incidence defined by joint ER/PR status, and the single cohort study was small (411 cases) and only reported results for ER-positive (ER ϩ )/PR-positive (PR ϩ ) tumors. 16 The Iowa Women's Health Study is a large prospective cohort of postmeno-pausal women. A nonsignificant inverse association of physical activity with breast cancer was previously reported after 10 years of follow-up (adjusted relative risk [RR], 0.97; 95% confidence interval [CI], 0.87-1.08). 31 We present the updated results of this previous study after an additional 8 years of follow-up, along with results stratified by ER/PR status of the tumor.
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METHODS
STUDY POPULATION
The Iowa Women's Health Study is a prospective cohort study of 41 836 women aged 55 to 69 years initiated in 1986, and details about characteristics of the cohort have been described previously. 51, 52 Briefly, a 16-page questionnaire was mailed to 99 826 randomly selected women and returned by 41 836 women (41.9% response rate), with follow-up questionnaires mailed in 1987, 1989, 1992, 1997, and 2002 .
MEASUREMENT OF RISK FACTORS
Physical activity during "free time" was ascertained using 2 questions that assessed frequency ("rarely or never," "a few times a year," "a few times a month," "about once a week," "two to four times a week," or "more than four times a week") and type of physical activity in the form of moderate activity (such as bowling, golf, light sports, gardening, or taking long walks) and of vigorous activity (such as jogging, racket sports, swimming, aerobics, or strenuous sports). This level of moderate physical activity generally requires fewer than 6 metabolic equivalent (resting metabolic rate or metabolic equivalent of energy expenditure) hours per week, and vigorous physical activity generally requires 6 or more metabolic equivalent hours per week. 53 Based on these questions, 3 levels of physical activity were derived. High physical activity was defined as participation in vigorous activity 2 or more times per week or moderate activity more than 4 times per week. Medium physical activity was defined as participation in vigorous activity once per week or moderate activity 1 to 4 times per week. Low physical activity composed the rest of the cohort. This physical activity index has been indirectly validated in the cohort by the observation that BMI and mean energy intake vary by level of physical activity, and higher physical activity is inversely associated with overall and cardiovascular disease-related mortality. 54, 55 COHORT FOLLOW-UP Incident cases of breast cancer, including ER/PR status, were identified through 2003 using the Iowa Cancer Registry, a member of the National Cancer Institute's Surveillance, Epidemiology, and End Results program. 2 Each year, registry cases and cohort members were matched against registry files on name, maiden name, ZIP code, birth date, and social security number. Deaths were identified through annual linkage to Iowa death certificates, supplemented by linkage to the National Death Index.
EXCLUSION
Women who at baseline were premenopausal (n=569), had cancer other than skin cancer (n=3830), had undergone a total or partial mastectomy (n=1884), or did not have data about physical activity (n=742) were excluded from the analysis, leaving 36 363 participants for this analysis (exclusions are not mutually exclusive).
STATISTICAL ANALYSIS
Follow-up for incident events was calculated as the time from completion of the baseline questionnaire until the date of breast cancer diagnosis, date of move from Iowa, or date of death. Cox proportional hazards regression analysis was used to estimate RRs and 95% CIs of the association of physical activity with breast cancer risk based on ER/PR tumor subtype, controlling for potential confounding factors as outlined in Table 1 . Because one of the mechanisms by which physical activity is postulated to decrease breast cancer risk is through decreasing adi- posity, [56] [57] [58] we modeled the association with and without controlling for obesity (BMI and BMI at the age of 18 years). Incidence was modeled as a function of age, because age is a better predictor of breast cancer risk in this cohort than length of follow-up. 59 Tests for trend were calculated using an ordinal variable for level of physical activity, and including it in the Cox proportional hazards model as a linear variable. In the receptor-specific analyses, events not of that specific cancer type were considered censored observations. Populationattributable risk estimates were calculated based on the coefficients generated by the Cox proportional hazards models and the distribution of physical activity in the cohort. 60 Confidence intervals were generated using the bootstrap resampling method. 61 All statistical tests were 2-sided, and all analyses were performed using SAS statistical software (SAS Institute Inc, Cary, NC) and Splus software (Insightful, Inc, Seattle, Wash).
RESULTS
There were 36 363 postmenopausal women aged 55 to 69 years at baseline in the analytic data set, and 99.2% were white. Compared with women with a low physical activity index, women with a high physical activity index had a lower BMI. They were also slightly more likely to be higher educated, to have a later age at first live birth, to consume alcohol, and to not smoke ( There were no significant interactions between previously reported common effect modifiers for breast cancer 48, 62 , PR negative; RR, relative risk. *Adjustment 1 included adjustment for age, educational level, family history of breast cancer, age at menarche, number of live births, age at first live birth, oral contraceptive use, age at menopause, use of hormone therapy, alcohol use, and smoking; and adjustment 2, all adjustments in adjustment 1 plus adjustment for body mass index at baseline (1986) and body mass index at the age of 18 years.
†High is defined as vigorous activity 2 times per week or more or moderate activity more than 4 times per week; medium, vigorous activity once per week or moderate activity 1 to 4 times per week; and low, less than moderate activity.
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ϩ tumors (RR, 0.97; 95% CI, 0.86-1.10). 36 The ER ϩ / PR − tumors seem to represent a more clinically aggressive phenotype. 65 For example, ER ϩ /PR − tumors are often larger, 65 have a higher grade, 65 have more resistance to selective ER modulators, [66] [67] [68] and have a worse prognosis, 65, [68] [69] [70] compared with ER ϩ /PR ϩ tumors. Physical activity decreases the endogenous production of estrogen by reducing adipose tissue, the major source of estrogens in postmenopausal women. [56] [57] [58] Lowering estrogen levels could lead to decreased ER ϩ /PR ϩ tumors, the opposite of which is seen in obesity, in which increased circulating estrogens are associated with increased ER ϩ / PR ϩ tumors. 33, 34, 38, 41, 42, 46 Consistent with this mechanism, the association of physical activity with ER ϩ /PR ϩ tumors attenuated after adjustment for BMI. In contrast, there was no change in the association for ER ϩ /PR − tumors after adjustment for BMI, suggesting that additional mechanisms are likely to be important for this subtype. Higher levels of certain growth factors, particularly epidermal growth factor receptor or human growth factor receptor 2, have been associated with ER ϩ /PR − tumors. 70 Physical activity seems to impact growth factor levels, 57, 71, 72 and this might in part explain the ER ϩ /PR − results. This study had a few limitations. First, physical activity was measured as a single self-reported assessment at baseline (1986), with no update during follow-up. Also, it did not include detailed aspects of physical activity, such as lifetime activity, seasonal patterns, or occupational activity, and we were not able to calculate metabolic equivalents. However, previous reports 54, 55 from the Iowa Women's Health Study cohort have indicated that this physical activity index is sensitive enough to identify major disease trends. Second, information about ER/PR status of breast cancer was obtained through multiple pathological laboratories, rather than a single reference laboratory. However, the ER/PR distribution in our study was similar to that reported by other studies. 34, 73 Finally, most of the population in the study was white. However, physical activity has been shown to have a beneficial effect on breast cancer among other races. 63 In summary, higher physical activity was associated with about a 14% decreased risk of postmenopausal breast cancer. The inverse association was most marked for ER ϩ tumors, particularly ER ϩ /PR − tumors; the latter, in general, have been associated with a more aggressive phenotype. The results also suggest that additional mechanisms, besides an effect on body mass, may account for observed effects of physical activity for this subtype. Further studies are needed to confirm these novel findings, and to evaluate similar relationships among premenopausal women. If found to be causally related to breast cancer, physical activity would have a substantial public health effect on the prevention of this disease, along with its other positive health benefits. Author Contributions: Dr Cerhan had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. Study concept and design: Bardia, Sellers, and Cerhan. Acquisition of data: Bardia, Sellers, and Cerhan. 
